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FLYIKC- QUALITIES QF A TVriN-ENGINE 
PATROL AIRPLANE AS ESTIMTSD 
FROM WIND-TUNNEL TESTS 
By Victor I- Stevens, Jr. andGeorge B. McCullough 



SUMMARY 

Flying qualities of a tx^^in-engine patrol airplane have 
been estimated "from wind-tunnel test results for the purpose 
of comparison T.nth flight observations, and as a possible 
guide in determining changes xvhich would be necessary to 
Improve these qualities. 

The results Indicate the airplane meets the ■ 
specifications given in the report "Requirements for 
Satisfactory Flying Qualities of Airplanes," by R. R. Gilruth, 
except for the following: 

(a) Lack of adequate longitudinal stability 

In climb and .approach conditions 

(b) Inability of elevator to m.aintain the 

airplane in a three-point attitude . • 
near the ground. , . • 

(c) Hi^h stick forces in landing and maneuvering 

'^flight 

(d) High wheel forces. to obtain maximum rate 

of roll at high speed 

(e) Severe rudder-pedal-force reversals at 

moderate angles of sideslip 



(f) High rudder-pedal forces accompanying failure 
of one engine during take-off 

INTRODUCTION . 

In the body of this report, the flying qualities of an 
existing twin-engine patrol airplane, as- predicted from vind- 
tunnel tests, are presentevd and compared with the requirements 
for satisfactory flying qualities prescribed in reference 1. 
The required vrind- tunnel data are presented in the appendix 
and were obtained from tests made at the request of the 
Bureau of Aeronautics, Navy Department, of a l/9-scale 
porered model of the airplane. • The tests were made in the 
Allies 7- 'oy 10-foot wind tunnel No. 1, Moffett Field, Calif. 

The flying-quality predictions have been m.ade for the 
purpose of enabling a comparison to be made •^••dth the 
characteristics observed from flight tests with a view toward 
ascertaining the va.lidity of the methods of .computation used 
in making the predictions. ' The immediate value of such a 
comparison 'lies in the fact that it constitutes a basis for 
estimating the validity of the predicted flying qualities of 
a similar proposed patrol airplane which were deriv.ed by the 
same methods. Also, the estimated flying qualities should be 
of significant, aid in suggesting changes to the existing 
airplane which would im.prove these characteristics. 



DESCRIPTION OF THE AIRPLANE 

A three-view drawing of. the airplane is presented in 
figure 1. The m^echanicai advantage and cockpit-control travel 
are given in figures 2 and 3. The ratio of pedal force to 
hinge m.oment used in the computation of rudder-pedal force 
was 1.275' G-eneral specifications of the airplane are given 
In tables I, II, and III. 

RESULTS AND DISCUSSION 

In the following. discussion the flying .qualities of the 
airplane are evaluated in terms of the recommended requirements 
of reference" 1. The requirement numbers of reference 1 have 
been retained to -facilitate cross reference. It will be noted 
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that all requirements concerning oscillatory motion have 
been omitted since the necewssary data are not available 
from the vrind-tunnel tests. 

The longitudinal characteristics have been determined 
for normal and light (nose-heavy) loading condition; whereas 
the la-teral characteristics ha-ve been determined for the" 
normal loading only, since these latter characteristics are 
little affected by loading. 

The results presented are" based on the following " 
assumptions: (1) no deformation of surfaces; either fixed . 
or m.ovable; (2) no deformation of control system; (3) no 
friction in control system; - and ■(,^) all- movable surfaces 
mass balanced. Since the model xras riot equipped with tabs, 
the ta.b ef f ectiveness ' was estimated from the results 
presented in reference 2. • 

Longitudinal Stability and Control 

. The longitudinal characteristics in steady flight are 
presented as the variation of elevator angle and sticv force 
with indicated airspeed for the f ollowlng^conditions : 



Co:riditiorL 


! 

Power 


Flaps and 
landing gear 


■^Stalling speed, 'iTiph 
. Normal load j LigEt~T'6a2 " 


Figure 


Glide 


Propellers : 
mndmilling 


Retracted 


116 


104 


4 


Climb 


Rated 


•/ ■ 

Retracted 


102 


92 


4 


L-anding 


Pi*ppellers 
WL'.ndmilling 


Extended 


98 . 


88 


5 


Landing 
approach 


L-jvel 
flight 


Extended 


84 


73 


5 



Stalling speed as determined from v\dnd-tunnel tests. 



Reriuirenent M : • Characte risti cs of eley p.tor .control in 

sto^ dy flighty-- • " ' " 

1. Static long-ltiiclinal stability, as indicated by the' 
variation of elevator angla -^^ith speed, should be. present for 
the four conditions lis^ted at ' ail speedB above the stall, 
except in the climb condition T/nere sta^bility. is " renuired' only 
abou-t 120 percent ymXn* In the glide and landing condition, 
static stability exists at all speeds .above, the stall- . " 
HoT-rever, in the approach condition the va.riation of elevator' 
angle with speed indicates static stability only at speeds 
above II5 miles- per hour. (1^+0 percent Vrnin^ "^ov normal loading 
and above 95 rriiles per hour (133 percent Vjrij^y^) for. light 
loa^ding. Figure ^+ sho-'vS that in a rat.ed-poVer climb, "stability 
is. present only above I70 miles per hour (167 percent Vniin) 
for normal loading and above 135- railes per hour .(1^1*5 percent- 
^mipJ lig^'^^'t loading, and thcat even above these speeds the 
stability is slight, ' , 

2. Stich^free stability should be evident for all of 
the conditions specified in item 1. The stick-force variation 
x^'ith speed .indicates "stability at all speeds for the landing 
and glide condition .. except below 150 miles per hour in the" 
normal-load glide. In the ^landing-^approach condition, stick- 
free' stability is exhibited at speeds above 90 miles per ho.ur 
with light loading and at ' speeds above 120 miles per hour vith 
normal loading. Stick-free stability is least in the' climb 
condition where stick-force variation shows. "Stability only 
kbove 135 miles per hour (l4-5 percent Vr-in) ^'^^ light loading 
and above 200 miles per hoiar' (196 percent Vjriin) normal 
ioao.ing. ... 

3. The" elevator stick-force gradient is sufficient 
(0.05 lb per mph) to return the control to trim petition 
throughout the required speed range only in the landing 
condition for both normal and Light loading and in' the glide- 
condition for light loa.ding. Owing to the^st ick-f ree 
instabilities noted in item 2, the.'other conditions fail to 
meet this requirement. 

k-. The elevator is sufficiently powerful to maintain 
steady flight at any speed required of the airplane (fiprs. 
and 5) . 

Requirement L^C : Characteristics of elevator control 
in accelerated fli^-^ht*- ' " 
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The elevator deflection required to pull up to 'maximuia 
lift and the resulting normal acceleration have been 
computed for the propellers-vindmilling condition (fig. -6).. 
Since the longitudinal stability is greater ^-rith propellers" 
vindmiiling than with povrer, this is the critical condition 
for elevator '.povrer in pull-ups. - - • 

The stick forces otA elevator angles required to proa:uce 
given accelerations in steady turning flight have been 
computed for 0.6 and Vr^ax at sea level in the 'glide and 
climb, conditions (fig*.7)» 

1. Results in figure 6 incLicate that vith the propeller 
windmilling, the elevator is. sufficiently poT-rerful to' develop 
either the maximum lift coefficient or the alloxmble load 
factor. The maximum lift coefficients used Tv'-ere those , 
obtained in the wind tunnel; .therefore , the computed, elevator 
angles are -orobably unconservative . A sufficient margin of 
available elevator . exists , hoT-^ever, to satisfy the requirement 
f.or full-^scale conditions. •■ ~ . 

. 2. The variation of elevator angle with normal ■ 
acceleration .in steady turning flight produces a smooth curve 
having a stable sldpe as desired. 

' 3. The requirement in reference- 1 for. a highly 
maneuverable airplane does not directly apply to ;this. .airplane , ■ 
although a definite stick miovement is still desirable. A 
minimum stick travel of approximately 1.2 inches is required 
at O-g Vrnax reach a load factor of 2.6 vith -normal loading, 
and a travel' of 2. 2 inches is required to reach a load factor 
of 3.3 with light loading., ■ - 

The requirement, that stick force varies linearly 
with normal acceleration in steady turning flight,, is met 
for all. conditions except climb at 0.6 Vniax '^^^ normal 
loading. For this condition the results sho^->' a slight 
decrease, of stick force with, accelera-tion near the allowable 
load factor. This is. caused by a tendency for the elevator 
to float into the wind as the wing stall is ap'proached. ■ , 

5. For airplanes of- this class, the gradient of elevator 
control force as measured in steady turning flight should be 
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less than 50. Pounds per g, and a steady pull force of not 

less than .30- pounds should be required to * obtain - the allo^^able 
load factor. With hormal loading at O.o 

^iTic^jii tne 8tlGiv forces 
are within the' above llniits for rated povrer and only slightly 
above the upper lln-iit for vrindmilling poxrer. As a result of 
the negative gradient at high acceleration, pointed out in 
item -^""above , less than the minimum 30 pounds is reoi.iired to 
develop the maximum load factor vith normal loading and rated 
power at 0.6 Vmax* .^^^^ sticlv-force gradients are above the 
50 i-Dounds per g limit for all other conditions computed. 
The condition for which there is greatest stability gives the 
steepest . gradient ;. that IS; propellers windjnilling s.t 0.6 Vrnax 
with light loading. Eere the sticli force gradient is 9^ 
pounds per g. ••' ' . . 

Re quirement I-D :• Characteristics of the elevator control 
in landing .- ' 

Ground effects were computed by the method and data of • 
references 3 and ^ and added to tunnel resiiltS; because no 
wind-tunnel tests were made with a gi-'O^and plane. The final- 
re;3ults in terms of elevator deflection and stick force needed 
for various contact speeds are presented in figure o. Due ^ to 
a vei-v large ^rround effect on this airplane, the elevator is 
not adecuate to hold the airplane off the ground until the 
three-point attitude "is reached. -Approximately 5 more 
up-elevator is needed. With the trim tab set to trim at 122 
miles per hour in normal flight,. the stick forces are pbove 
the recommena,ed SO-pound limit for all normal contact speeds 
a maximum pull force of 1155 pounds being required if contact., 
is made at^ I05 miles per hour. 

Requirement Ir-F.: Limits of trim chpjicre due to power and 
■ f leaps ." ' • . 

It is desirable to be able to maintain any given speed 
i^rhen flap and po^-rer setting are changed in any manner whatsoever 
without requiring a stlck«-*f orce change of •m.ore than 50 pounds. 
For this airplane / any variation of power ^-^ith ilrps either." 
reti-pcted or extended^ produces sticMorce increments ^-^ithin 
the S0--pound limit (fig. 9)- Up to a speed of ISO miles joer 
hour/ any combined change of power and flap setting _ results ^ 
in stick~.force changes within the limits.. Since IcO mile-s 
per hour is -^-rell a;t>ove the normal operating speed -nth flaps 
dOTTO, the airplrjie should be satisfactory in this respect. • 
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Requirement I-G: Cl ip.raoberlstics of the long! ui^.dlnal 
trluimlng device 

The .elevator tabs on the alrp7:,c?r,e are large, and. 
aocording' to estimaued tab effectiveness, they^should easily ; 
reduce pitic-£ force-s to sero at any speed above 120 percent • • 
of Vj-^iin cruise and landing conditions. 

Lateral Stability and- Control 

„ •■ Aileron^characteris'ulcs ^rere calculated for a high-speed 
condition (£hO n-:ph indicated airspeed), and a lov-speed 
condition (110 mph indicated airspeed) . .Figure 10 shows the 
variation of the . "^-ring-tip helix angle pb/2V with, control- 
vheel position, and fi.gure 11; the control^vheel force 
required to produce a given pb/2.V. (Previous calculations 
for siiTiilar airplanes indicate that the pb/2V produced 
•T/-ith.". rudder loclied is abou.t 0-9 that produced for ?;ero 
sideslip- at PnO miles per hour, and a.bout at 110 miles 

per' hour c) The hell:--: angle ^vas computed .as pb/2V Ci/Gi > 
Miere G,i was taken from the tunnel data, and ■ dp, the"- 
damping ' coefficient due to rolling, as 0-^:-6 from reference 5. 

it is empha.sized\that aileron hinge moments were not 
obtained for the model. Instead, hinge moments ' x^rere calculated 
from the data of reference- 6,- . suitably/adjusted for e.ileron 
plan form and th.e effect of rolling velocity on angle of 
attack.- These data are. given. for a plain flap,' whereas this 
airplane is equipped with piano-hinge ailerons«. However, at 
is beiieved "that the "data give* reasonably accurate values 'of " 
cont'rol^T-rheel force* ■ . . 

'Requirement II-3 : Aileron control . characteristics (rudder 
locked) >- 

. 1'. The maxim^um rolling velocity at 250 miles per hour. 

and 110 miles per hour indicated airspeed varies smoothly 
with and * is approximately proportional to the aileron 
deflection. 

. 2» No calculations of the time required to atta.in 
maximum rolling velocity ^-ere made. . . 

3.. .The max..imum . pb/2V at 250 miles per hour is O.075, 
and at 110 miles per hour, it is O.065 which is sufficiently 



close to the reqtiired ••pb/2V of 0,07 to give r-atlsfactory . 
aileron control. - 

Ll, . .q;he vari8-,tion of aileron control force vlth aileron, 
deflection -(figs. 10 and 11 y is smooth- and is great enough to 
return the control to the trim position, 

5. ' The requirernent of a maximur/i control-x-rheel force of 
less than ^0 pounds at all. speeds belo^rr 0«g Vrr^ax is met at 
110. miles per. hour^ biit-at 250 miles per hour 
(approx.. O.g Vriax.) control-wheel force required to obtain 

pb72V\.of 6.07 .is 2^0 pounds. At the climb speed '(l^-R mph 
indicated airspeed), it is estimated that a pb/2V of- O..07 
can be ■■obtained with .an* SO-pound inieel force. - 

. Re qu i r eme n t • II- C : Yair r due to a ileron s . - . 

Calculations of the yaK due. to rolling velocity indicate 
that the sideslip developed as a result of full aileron 
deflection does not exceed the 20*^ maximum sideslip specif led 
by the. requirements. .... 

Requirement II-D : Li mits of. ^ rolling; moment due to - 
sideslip .(dihedral effect;. • . 



Calculations of lateral stability and control 
characteristics of the airplane in steady sideslips ^-^ere made 
for the condiliiohs of flight lir-ted in the f'olloxfing- table : ; 



1 

Condition 


Flaps and | 
gear 


Pov/er 


Speed 
(raph) 


Figure 


Glide 


Retracted 


•Jindmilling- 


145 ' . 


12 


Climb 


Retracted 


Rated 


145 


■ '12 


Landing 


Extended 380 


Windmill ing 


105 


13 


Appi^oach 


Extended 38° 


50?? rated 


105 ■ 


. 13 ' ' 


Wave-cff 


Extended 38^ 


1001? ta::e--^ff 


105 , . 


■ 13 


Pov'er failure 
at take-off 


Extended 24° 

i 


L e f t — windini 1 1 i ng 
Right - 100^ t alee -of f 

? , ,111 


118 


14. 
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•I.- The variations of aAieron deflection vrith angle- of 
sideslip are smooth, aileron deflection increasing 
progressively T-rith sideslip so that the aileron is alTArays 
required to depress the leading T;.ring. Thus, the roll -due 
to rudder will a.lifays be in the correct direction^ 

• 2. Aileron stick forces in yaTT are not .presented -because 
of lack of aileron hinge-moment data in ya"^T» 

• 3. The rolling moir.erit due to sideslip is never so great 
that a reversal of rolling velocity occurs as a result of yaw 
due to aAlerons. Ho^-rever^ vrith asymmetric power at take-off 
and with rudder undeflected/ the rolling moment due to 
sideslip is greater than the maxlm^am rolling moment provided 
by the ailerons • Consequently, in the event of fa.ilure" of 
the left-hand engine on take-off, right sideslip must be • 
limited to not more than 12^ by use of the rudder if steady 
sideslip ds to be maintained.' 

Requirement II-S: Rudder co ntrol characteristics.- 

" ' ' ■ 

1. The rudder control is everyv/here sufficiently 
powerful to overcome the adverse yej-ring moment of the ailerons. 

2\ No calculations were made of the rudder control 
during taiie-off and landing, because tests to simulate- 
ground effect were not made in. the wind tunnel. 

3. RiMder control chara-ct eristics with asymmetric 
power are shoT^m in figure 1^-!-, Calculations were made for the 
critical condition with flaps in the take-off position, gea.r 
6,own, left-ha-nd engine windmxilling, and right-hand engine • 
developing -take-off power at llS miles per hour (110-percent 
mAn. take-off speed). Results indicate the rudder control Is 
more than sufficient to produce zero sideslip. 

^. Control characteristics to provide spin recovery 
are not considered. ' " ' • . 

Right rudder forces a^re required to hold right 
rudder reflections, 9.nd left rudder forces are- required to 
hold* left rudder deflections for moderate angles of sideslip. 
However, there exists a severe rudder^force reversal for both 
the glid.e .and climb conditions at angles of sideslip greater 
than approximately ±15°, and for the approach condition for * 
the angles of right sideslip, greater than 17°. For the 
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-t^rave-off condition T;Tith trim tab zero, right pedal forces are . 
required for all rudder deflectlonv*5 • 

^ 6. iJith trim tab neiatral', the limit of iSO pounds 
iTiaximum pedal' force is not exceeded up to. the point of 
pedal-force reversal T,-rith the flaps retract ed^ but it is ■ 
exceeded^ at large angles of sideslip for all conditions with 
flaps extended 5g^. In the e^rent of failure of the left-hand 
engine at take-off, the minimum pea.al -force required to- 
maintain steady flight is 320 pounds at 8^ of right sideslip. 

Requirement II-F : Yax-ring moment due to sid.eslip 
(directional stability) 

1^ This requirement is the same as that discussed under 

2. The yaTdng moment due- to. sideslip is such that the 
rudder /alTrays moves in the correct direction (right rudder 
produces left sideslip and left rudder produces right sideslip), 
and the anr/le of sideslip prod.uced is substantially 
proportional to the rudder deflection for angles of sideslip 
bet^'/een . ±1^P • - • ' ' 

3/ The rudder-free characteristics of the airplane, as. 
indicated by the rudder-pedal-force variations of figure 12 
and 13, indicate that the airplane is not directionally stable 
throughout the sideslip-angle range for all conditions. 
Stability characteristics; rudder free, are summarized in the 
f olloiring table : 



Condition 


Fiudder-free stability 


Figure 


Glide 


Unstable beyond approximately 
±15^ sideslip 


12 


Climb 


Unstable beyond approximately 

±10^ sidesliTO _ 


12 


- Landing 


Unstable beyond 12^ of left' 
sideslip 


13 


Approach 


Unstable beyond 12*^ of right 
sideslip 


13 


Tvave-off 


Unstable beyond 9^ of right 
sideslip 


•13 
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^. The resiAlts of ex-^re-iie asymmetric pox-rer T^^ith flaps 
deflected , gear dovTi, presented in figure l4-, show that 
straight flight cannot be maintained by sideslipping with the 
rudder free when trimned for straight flight on^ syiDmetri c 
powerv This is the result of a fin stall'which causes a hinge 
morrent tending to produce greater rudder deflections at I 
moderate angles of sideslip. The same, is also true with flaps 
and gear retracted x-rith rated po-er on the right-hand engine* 
left-hand engine- vrindmllling/ as is revealed by ins*pection of 
the wind-tunnel data. 

Requirement II-G: Cross-w ind-force characteristics ' 

As is shown in figures 12 and 13, the variation of angle 
of bank with angle of sideslip -is ■ such that an increase in 
right bank accompanies right sideslip and vice versa 'for all 
conditions. The effect of power is to cause right bank to 
accompany sero sideslip* This effect is greatest for the ' 
wave-off condition v^ere. 2^ of right bank is necessary to 
hold zero sideslip. Also, the effect of power is to increase 
the cross force as • is .shox-m by increased variation of angle of 
bank with sideslip angle as powop increa^ses. 

Requirement II-H: Pitching moment due to sideslip . - 

The variation of elevator deflection for lon^'itudinal 
trim x^rith flaps down in steady, sideslips is shoT^m^in figures 
12 and 13. For all conditions, not more than 1^ of elevator 
movement is required to m.aintain trim x-rhen the rudder is 
moved. 5 right or left from its position" for straight flight. 

Requirement IJ-i : Power of rudder an d aileron tri m.ming 
devices.- ~ : — ' ■ 

1. Calculations show that the rudder trim tab when 
fully deflected (25^) is capable of trimming the airplane 
within 5 of sideraip with maxim.um asymmetry of power, 
flaps 24 , and gear doT-m, at llg miles per hour.*" For all 
other conditions/ the tab should be capable of trimming to 
zero rudder force at zero sideslip. 

.The case of extreme asymrietry of power is also a 
critical condition for aileron trim tabs. The estimated tab 
effectiveness indicates that at speeds about 1^-0 percent Vjnin^ 
the tabs should be able to reduce wheel forces to* zero' at 
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zero sideslip iri.th..e:':treme 8.s.ymmetry. of power. 

CONCLUSIONS ' . 



From the preceding diecxission,, the folloT-ring may be 
concluded; " . 

1..' Characteristics of elevator control indicate that' in 
steady flight the elevator possesses adequate pox-rer, but both ' 
static and stick-free stability are Ioxt^ particularly in the 
approach ar,d climb conditions in which stick-force variations 
indicate ap-proximate neutral stability ■ through a large portion 
of, the, speed range.. ' -• 

■-2... In. accelerated flight, the elevator exhibits • 

satisfactory characteristics except for large s.tlck forces.' .1 

which, in the extreme case, produce a stick-force gradient of 

90 pounds per g in- steady turning flight. 

- .3. In landing, the elevator lacks sufficient ppwe^r to 
keep the airplane off the ground until the three-point • • - 
attitude is reached, and stick forces are high for all conta.ct 
speeds.. • ■ ■ 

4-. . Trim cha.nges due to- power and flaps are reasonable 
and should not be . uncomf orte.ble to control. • 

5. ..The elevator trim tab is sufficiently pov^erful. to 
trim the' stick forces to 7/ero. for any normal flight condition. 

6. The aileron power . is. .marginal and the x>rheel- forces, 
are very high. • Yp'm due- -to- ailerons ts' easily "within ' _ 
prescribed limits. 

7. ..Ruddier pc^-^er Is/s.atis'factory, although the re;- is a; -- 
severe rudder-pedcal-force . reversal encountered betx'reen ' ,• ^ . ■ 
10^ and. ^0^ .. of sideslip for all conaitlons' computed. .except - 
landing.' J \ ■ , -.^ " . .'. ' ."...,';*. , 

Rudder-peda.l forces a.re high at large angles of 
sideslip x-rlth flaps extended and become extreme -.for. the -case 
of failure of one engine at take-off. • . ' ■ ■ : ' 

9. Rudder-f Ixod . directionral stability ..appear^- to be . 
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satisfactory but, witli rudder, free, stability is lacking at 
inodoratc angles of yax-r as a result of fin stell. 

.-•10.; Cros^.-T-^ind forces are in the proper direction and" 
are of such magnitude that the angle of banr-. produced should 
give the pilot Indication of sideslip^ 

11. Pitching niomcnt due to sideslip is moderate. 

12. The poT-^er of the rudder trim tab is marginal for 
the . failure of one engine on ■ talce-of f , but is satisfactory 

' clsGTfherc, Aileron trim tab should be so^tisf actory . 

Ames Aeronautical Laboratory, 

National Advisory Committee for Aerona\;.tics, 
:ioffett Field, Calif. 



APPENDIX 
TEST RESULTS 



This n^ppendix contains the results of T-rlnd-tunnel tests 
from ^mich the. flying qualities presented in the body of the. 
report T--^ere estimated. All these data have .been transmitted 
previously In preliminary form.* 

A threc-vleT;r drav^ing of the - airploTie is given in 
figure 1. The key to' the' configuration, symbols used is 
given in table IV» Photographs of the model mounted in the 
VTind tunnel are given in figure 15» The Important model 
dimensions are given in ta.ble V. Power T-raS supplied by tTO 
electric motors driving two 3-bla.dej right-hand rotation, 
l/9-scalo propellers. Hinge . moments wore measured by means 
of wire-resis tanco-typo .strain gages, and measurements for 
each of the rudders were taken independently.. Hinge-.mom.ent 
-coefficients are based on the dimensions of one rudder. ♦ 

All of the tests (except those with propellers 
windmilllng) were made at constant thrust. Data from' each 
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series of consto.nt-thru3t tests wore plotted against thrust 
coefficient ,Tc- .Thus, it is possible to obtain 
chcaracterist ics corresponding to any povrer condition x-rithin. 
the .Tc range covered. The relation of Tc "to Cl required to 
match full-scale .operation (fig. lb) was furnished by the 
manufacturer of the airplane. The propeller-blade angle 
(30^ at the O.75 radius section) was selected as a good 
comOTouiise between tpJ^e-off and. cruise blade angle and wr.s . 
not" changed throughout the tests. The Tq va v/nD 
relationship (fig. 17) was determined experimentally, in the 
wind tunnel. Model power conditions were selected by -use of 
the curves described. ^. 

All data are given ^in NACA standard coefficient form 
referred tc the stability axes and are . corrected for strut ■ • 
interference and to-re- drag, flow inclination, and tunnel- 
wall effect. The dimensions on which coefficients are based 
and the corrections applied are given in table V. Pitching- 
moment coefficients are referred to the center of gravity 
for normal gross weight (26,500 lb) gear up, which is 29. gO 
percent of the mean aerodynamic chord aft of the leading edge 
o.f the mean aerodynamic chord (measured parallel to the 
fuselage reference line) , and 2.03 percent M.A.C. below the 
fuselage reference line. ^ 

For the purpose of presenting result's ; the tests have 
been divided into three parts: (1). tests in pitch with 
elevator deflected;- (2) tests in yaw with rudders deflected; 
and (3) tests in pitch and yaw with the left-hand aileron . 
deflected. " ■ 

■ Tests with elevator deflected ,- Tests in pitch with the 
elevator deflected were made with propellers windmilling, and 
for several values of Tc; both ^.^^ith flaps retracted and with 
TTaps" deflected. 3g^. The landing gear was, extended for all' 
tests m.ade with flaps deflected.' Results are presented in 
the follovring figures : • 
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.Figvire 


Flaps 
(deg) 


•6e ■ 
(deg) 


Power condition 


Tail 


18 


0 


-20, -10, -5, 
0, 5, io 


Propellers v/indmilling 


«0n ■ 


19(a), (b) 


0 


-15, -10 


Tq = m, 0.1, 0.2 


. On . 






— 


= im, 0.1, 0.3, 
0.5, 0.7 


un 


21(a), (b) 


0 


■0 


Tq = m, 0.1, 0.2, 

0.3, 0.4, 0.5, 0.6, 

0.7, 0,8 


On 


22(a), (b) 


• 0 


5 . 


Tc = m, 0.1, 0.3, 
0.5, 0.7 


On 


25(a.). (h) 


0 


10 


Tq = TM, 0.1, 0.3, 
0.5, 0.7 


On 


24(a), (b) 


0 - 




Tq = W., 0.1, 0.3, 
0..5., 0.7 ■ 


Off 


•• .. 25,. , 


. 38 


-35, -25, -15, 
-5-, 0, 5 


Propellers windmilling 


On 


26(a), (b) . 


33 


-5 


Tc = "M, 0.2, 0.5, ■ ' 
0.7, 0.9, 1.1. • 


On 


27(a), (b) 


38 


0 


Tc = ?M, 0.2, 0.4,0,5, 
0.8, 0.7, 0.8, 6.9, 
1.0, 1.1, 1.2, 1..5 


On 


28(a), (b) 


38 


5 


Tc = '"^ii, 0.2, 0.5, 
0.7, 0.9, 1.1 


On 


29(a), (b) 


38 




Tc = Mvi, 0.2, 0.5, 
0.7, 0.9, 1.1 


Off 



Characteristics corresponding to rated power with fla,ps 
retracted and to take-off power with flaps extended, obtained 
from the above curves, are presented in the following figures: 

c 
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Figure 


Flaps 
(deg) 


• 6e 

■ (.deg) 


PoT-rer condition . 


Tail 


, 50 -* 


■ 0 


-5/ 0, 5; 10 


Raoed poTrer , • • 
gross x-reight 
■ 26y500 ■■'ooiinds 


•On 

and' 
.. .off ... 




3g • 


-5-, 0, 5 


•Take-off power., ... 
gross x^^eight 
25 , SOO pounds 


. Oh . ■ . 
and 
otf 



■ • For the purpose" of determining the effects of change-, of 
tail incidence, tests in pitch .were' iTiade with a tail 
incidence of 3.9^ measured -^'^ith recpect to. the fuselage ' 
reference line. The results of these tests, together with 
results of identical tests with tail normal (0°) -are given- in 
the figures listed below* ^ ■ . 



Figure 


, Flaps 
(deg) 


it 

(deg);. 


PoT-^er. condi.tion 


.32 


0 


0, 3.9 


• Propellers Kindniilling 


33 


0 


. . .0,, 3.9 


Rated poorer, gross 
• •'.•re ight , 2d , 5OO pounds . ; 


.•■3ii. . 


og' 


,0i -5.9 ■ 


. Propellers ^;rindr-iili.ng. 


35 • 


■ 3g ■ ■ 


•0; 3.9 


Talie-off power, gross 
T-j-eight, 26,500 pounds 



Tests wi th rudders deflected .- Tests in yaw were made 
-with the rudders deflected from 30^ to -30^ with' propellers •■ 
windmill ing' and for several* normal ' power conditions- rJith 
flaps -retracted-, tests were^ m.ade at the climb attitude 
(Cl = O.SS, au = 6^), and with flaps deflected 3g^ at the ^ 
attitude corresponding to a Gl of about 1.6 (a.u = 6 ). - • 
Results are presented^in the following figures: 
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•Figure | 


Flsps 

( ci.e g ) 


• .6r 

(Cleg; 


1 

Power condition 


. J-G . 


36, 37. 


0' • 


. .0/ ±10, ±15, : 

±20, ±25, ±30 


. Propellers wind- 
milling- ■ 





3S, 39 


0 


0, ±10, ±15, ■ 

±20, ±25, ±30 - 


■ Rated power at- 
gross weight 
- 26,500 pounds 


0.23 




• 


0, ±10, ±15, 

±20, ±25, ±-.30 


Propellers wind- 
milling 


— 




■ -sg 


0, ±10, ±1;;:^, 
.±.20, ±25,. ±30 


■ RO^i rated "ooweT 
at gross weight 
26,500 pounds- • 


.27 




3g 

- 


0,,:-±10, ±15, •' 

. ±20, ±2i?,. ±30 


Take-off power 
■ at .gross weight 
26,500 pounds 




• \& .... 


i 


. o, ±io, ±15, . 

.±,20, ±25, ±30 


Take-off power 
■ at . gross weight 
21,3g0 pounds 





In addition, tests were made to simulate conditions 
corresponding to single-engine operation after the failure of 
one engine. Tests with flaps retracted were made at the 
climb attitude (Cl = O.B^, Cu = 6°). Tests with the flaps 
deflected 24-^ iiere made at an attitude corresponding to a 
Cl = 1.30 (au = 6°) to simulate single-engine failure on 
take-off*' Results are presented in the following figures: • 



Figure 


Fls-ps 
(deg) 


(deg) 


Power condition 




4-7. 


0 


0, -10, 
-15, -20 


Left, windmill ing - 
right, rated povrer at 
gv-oss weight 26,500 lb. 


0.23 


4g 




0, -10, 
.-15> -20, 
-25 


Left, windmill ing - 
right, take-off power at 
gross weight 26,500 lb. 




^9 


2^ 


0,-10, 
-15, -20, 
-25 


Left, windmill ing - 
right, take-off power at 
gross weight 21,3g0 lb. 


.59 



■ T e,sts.. i^rlth ail.erQna,-def lec ted Tests to determine the 
ef f ectiX'ene.Bs- .of the ailerons ^fere made T-rith propellers 
remoVed; beca'iise it was believed the aileron characteristics 
T/roul6- nat-be 'affect'ed by' the apijlicpltion of pov-er. The 
lefWnand aileron' only ,"^;ras defifected/.from-lO'^ to -25^. A 
pitch te;st .and. ,a.,,y each aileron - 

deflecti:on '.The- ya.T'^ tes.ts ^-rith flaps retracted were niade 
at the--, climb attitude- (Gi^ 0.35, cc^a = ^P) > ^-^d with 
flaps deflected/ at ah'attit-ude corresponding to a Gl of 
about 1.6 7 (a'^^;7==^ b?)-'/ ^' presented in the 

fallowing figures • ' 



Figure ' 


Type • 


^ Flaps 
.■ ■ (deg); ■• 






.Pitcli- 


• . ■ ■ 0 • 


■10:, .".R,-. 0,-5, -10, -i5,-2o',-25 




-■ "Yaw 


' 0. ■ . ■ ' 


io,: --3,' 0,75,-16,-15,-20,-25 




Pitch 


■ 3g 


•10, 5/. 0,-5,-10,-15,-20,-25 


...R3 ... .... 




■ 3g 


10,' 5; 0,-5,-10,-15,-20,-25 



19 



REFERENCES 

1. Gilruth, R. R. : Requirements for Sat ief accory Flying 

Qualities of Airplanes.* A.C.R., MACA, April IQ^-l.' 

2. AmeS; Milton B. ; Jr^ , arid Sears, Richard I. : 

Determination of Control-Surface Characteristics 
fron NAGA Plain-Flap and Tab Data- Reio. No. 721, 
KACA, 19M-1. 

3. Katzoff , S. ; and Svreberg, Harold K. : Ground Effect on 

Do'mT'-ash Ans:les and VJake Location^ ReiD. Ivol 73g, 
• NACA; 19^3.^ 

Silveretein, Abe, and Katsoff , S* : Design Charts for 
Predicting Dovrnrash Angles and 'Take Characteristics 
Behind Plain and Flapped \\ino:e* Re-'o. Mo. 6^5, 
NACA; 1939- 

5. Pearson, Henry A*, and Jones, Robert T. : Theoretical 

Stability and Control Characteristics of Uings, "v^^ith • 
Various Amounts of Taper and Tvist. ReD. NoV 605. 
NACA, 193s • 

6. . Rogallo, F. i;.^, arid Purser, Paul E. : ''-ind Tunnel 

Investisjation of a Plain Aileron ^rith Various- 
Trailing-Edge Kodif ications on a Tapered 7^ing. 
I - Aileron T-rith Fixed Inset Tabs. A.R.R., 
NACA, Sept. 1942* 



TA&E I*- OSNSRAL CHARACTSRISTICS 



Type 


Aitrol airplane 




- Pratt and Whitney, R-2800 series 


Ratings (each) 






- 2000 horsepcfwer at 2700 rpm 
at sea level 




- 2000 horsepower at 2700 rpm 
at sea level to 1300 feet; 
1600 horsepower at 2700 rpm 
at 13,500 feet 




- , 1600 horsepower at 2i4.00 rpm 
av pfuu leoT; 

114.50 horsepower at 21+00 rpm 
ab JLP|Uuu zeex 








iietiiLx X wusnaciia, consxanx 
speed 




- 10.50 feet 




tnree: Uo* QU77A-12 


Normal loading condition 






- 26,500 pounds. . 


Conter-of -gravity position (percent 
parallel to the fuselage reference 




(Percent lUk.C* below fuselage 


' 2.0% 




' I4.6 pounds per square foot 


Minimum loading condition 






* 21,380 pounds 


Center-of-gravitj' position (percent 
M.A.C. aft of leading edge of M,A«C* 
parallel to the fuselage reference 

(Percent M«A»C« below fuselage 


■ 23.9?S 


U.59S 




37 •! pounds per square foot 


Tail lengths 




Elevator hinge line to center of 
gravity (29. 85^ M.A.C.) 


31.2 feet 


Rudder hinge line to center of 


31 .3 feet NATIONAL ADVISORY 

COMMITTEE FOR AERONAUTICS 



TABLE II.- WINO AND TAIL PLANE DIMENSIONS 





Wing 


Horisontal 
tail 


Vertical 
tall 


Area (sq ft) 




155.96 


61|..ll 


Span (ft) 


65.5 


23.86 


7.90 


Aspect ratio 




5.0 


1.95 


Taper ratio 








L/inourax 






non A 


respect to fuse- 
lace reference 
line) 




0° 


mmm» 


Root section 


NACA 25018 
modified by 
tralllng- 
edge exten- 
sion 


' NACA 0015 


approxi- 
mately NACA 

0007 


Tip section 


NACA 25009 


NACA 0009 




Twist (geometric! 


none 


none 


none 


M.A.C. (ft) 


^10.27- 






Root ohord (ft) 


'15.78 


6.67 


5.20 



NATIONAL ADVISORY 
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''Includes tralling-edgis extension* 
^Exclusive of trailing-edge extension* 



TABLE III.- MOVABLE SURFACE DIMENSIORS 





^ Ailer'ons 


^Elevator 


* Rudder 


Flaps 




Doim 


Area aft of hinge line 
(sq ft) 


17. U5 


Uo.i 


35.1 


15.8 


52. 5 


Span (ft) 


11.25 


20.21 at 

hinge line 


17^90 at 
hinge line 


7.89 


15.72 


^Peroont span 


3h.33 


78,2 


69.3 


100 


li8 


Average chord (ft) . 




1.98 

• 


1.96 


2 on 




Balance, type 


— 


boost tab 


boost tab 


and boost tab 


— 


Balance area, (sq ft) 


0 


5.3 . 


5.3 


1.6 


— 


Percentage balance 


0 


13.2 


15.1 


10.2 


— 


Control travel (dag) 


. 25 up, 8 down 


32 


25 


±30 


38 


Trim-tab area (sq ft) 


0.6U 


2.015 


2.015 


1.905 


— 


Tab span (ft) 


1.90 


k.25 


I4.25 


• 3.10 




lao xravei \aeg/ 


26 up 
2I|-l/2 down 


26 


2U.5 


db25 




Boost ratio 6^/6 




-0.35 


-0.35 


-0.17 1 





^Dimensions given for one surface only. 
Elevator angle measured with, respect 'to stabilizer chord neglecting droop. 

tail flap between sections of elevator operates for up elevator only* 
Percent span defined as ratio of control span to total span of surface affected. 



TABIiB IV.- COHPIOURATION KEY 



3 


Standard conf iguratlont airplane In 
normal flying condition except for 
propellers (that is, wing ^ nacelles, ^ 
fuselage, turret, horizontal and verti- 
cal tail, flaps aiid landing gear re- 
tracted) 


P 


Propellers 


0 


Landing gear extended 


P 


Flaps deflected (amount denoted by 
superscript) 


H 


Horizontal tail 


V 


Vertical tail 
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TABLE V,- SYWBOLS AND COEFFICIENTS 



\ 



All coefficients are given in NACA standard form based on the following 

dimensions : 

Wing area (including trailing-edge extension) ss 7^11 square feet 
M.A.C. (including trailing-edge extension) = Lli+l feet 
Span a 7.28 feet 

Elevator area aft of . hinge line, s 0.1*335 square feet 

Elevator chord aft of hinge line, av,, a 0.2183 feet 

Rudder area aft of hinge line S^. . » 0.195 square feet/rudder 

Rudder chord aft of hinge line, av., o^ = 0,223 feet 

OL^, angle of attack of fuselage reference line 

Q , angle of attack of fuselage reference line corrected for flow 
. inclination and jet-houndai^y effect 

Cj^ elevator hinge moment 

® q S c * positive when moment tends to depress trailing 

^ ® edge of elevator 

^h rudder hinge moment 

q S c ' positive when moment tends to move trailing 

edge of rudder to the left 

i , angle of incidence of horizontal tail with respect to fuselage reference 
* line 

6 , elevator deflection, positive when trailing edge of elevator is down 

5j., rudder deflection, positive when trailing edge of rudder is to the. 
left 

aileron deflection (left aileron only) positive when trailing edge 
of aileron is depressed 

The following tunnel-wall corrections were applied and are all 
addi ti ve t 



where 





8 


61 s 






c « 






c « 


my 




■83 S X 57.3 
c " 






0.115 


£3 


89 


0.089 


C 




70 square feet ° 



C. -m unoorreoted lift eoeffiolent 

f^i « -o.oUi 

di^ NATIONAL ADVISORY 

COMMITTEE FOR AERONAUTICS 





NATIONAL ADVISORY 
COUHtTTEE FOR AERONAUTICS 



I 



4i 

0)- . 



2i ?5j 



I 



o 
z 



> o 

m < 

33 — 

O </) 

• X O 

c < 



15 
n 



I 
I 

0^ 



0 

I 




05 ^ 




zoo' too' o /oo' 4 

L£Fr f?/GHT 
CONTROL WHEEL ANGLE 
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HeuRE 3.- Aileron unhage Characte/hstics. 



//VO/CA TED .A/^.5P££0, M.RN\ 
IZO /60 200 24-0 Zao 



TAB ^ 




GLIDE CoNDir/oN 




CL/MB CONDITION ^ 



I 



/NO/CATED AIRSPEED, M.RH 



40 SO /ZO /60 * ZOO Z^O 40 




P/eoPEL L Eies iV/A/OM/L L ING 
LANDING CONDITION 




POiVEl? rOR LEVEL FLIGHT 
APPROACH CONDITION 



^ . ^^'^ ■ " ■ " . " \ I Fi^APS UP 

^ 20" ~ " " ■ ' ^^'^^^. j P-JLAPS 33" 




.1 NATI ONA L A DV I so ■ ' , 

, "... . : - .. 'COMMI TTEE fOR AERONAUT ICS* 

r/:<3UP£ 6r £t£VATO/? D£PL£Cr/of^ /?£QU/^EO AND . 

: MAyiMUM/ OBTAtNABLE 
. . :. iN PULL-UPS. PeQP£LL£ks^.i^ 




P/^nf^r^., WINDM/LLING 



/60 



^ /20 
U SO 




t Z 3 ^ 



\ 




3 



t 

-^1 



SO 



ZO 



/o 



/ZO 



V) 

to 



do 



i4o 




■/do 



/ZO 



f^O 




TA B O 



:T/S/M TAB Si: T To T/e/M AT /;22/>^.P.f^ 
/N NjO/2MAL /='L /C/^ T. G. IA/. = 2/, JSO Iss 



&0 /OO /ZO /^O 

Contact Sp££p, M.P.fi. at si^. 
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ftGUIZE Qr- £^E<VATOj^, C>£rL£CT/4^N Af/O STtCK firOJeC£ To 
x^7-/e//^ //s/. T-//£ RISES 

vs to/^ACT s/p£:Eo.: /n.APs ^S"*, gea/^ 



O /NDICATED AIRSPCCD^ M.RH. 

SO /20 /(oO zoo Z^O 2SO 
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; f'/GU/S£ - SrFECT OF- POWJELR a ND - ■Jt'L AP SE TT/NG 
ON lONGITUDimL TJ^/M iA/ITH TR/M' 




Wheel angle, qecisees 

* NATIONAL AOVI SORy 

COMMITTEE FOR AERONAUTICS 

FiGUf^C 10 - Va^IaT/O/^ or P^z V with CClsfTRGL WHEEL A^GLE, DE6f^££5, 

RUDDER LOCKED, 




Figure If.- \/Af$iATioN of WH£tL forc^e with ptyz V^ Rudder locke.o 





/O' O /O' 

ANGLE OF S/0£SL/P 



20 
RIGHT 



30 



-J 



I 



k 

1 



JO 



1:1 



ZOO 



/oo 



fOO 




«0 

5 ^ 



Q 



n4 



ZOO 



/oo 



/oo 




2DO 



/OO 




/OO 



Approach CoNOiTioN 

^50%, /eATCO POys/Ek 



\//AV£-Orr COND/T/O/^ 



L£rT 



/o o /o 

A/^.GL£ OF S/DE5UP 



ZO 




/o o /O^ 

ANGLE' or 5/ OSS UP 



ZO' 
/S'/OZ/T 



30" 




to 



0: 



to 



Q 

<0 



I 
I 



'ANGLE OF- StOESUP 



ZO' . 



k 

Q ^ 

5 ^ Vj 

^ k Q 

^ ^ > 
G ^ 

I. 
Vb 



I 



12 

5 



soo 




TRIM TAB^O 
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. /MD/CATED A//? SPEED //3 M.P.H. ■ 
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f^/Gu/^e /€>r- l/A/e//^T/oN or Thrust Co£rr/c/£Nr ia//t^ L/fT Co£mcj£^T 
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O •■ 

.3 .4- S .6 .7 .3 .9 /.O /./ /-Z /-S 

r/GU/?E: /7- \/A/5/ATJ0N OF- THffUST CosrF-/C/CNT W/TH K//7D TZ/JT 



/A 



/.Z 



A 




/A 



AO 



.3 
.6 



.2 



./ 



CONTIG: 




Z 



-J 
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r/GUfZ£lfArCHA/ZACr£fZI5T/CS //V P/TCH Or TH£ TEST MODEL WITH EL£VArOf? 
D£FL£CT£D. rLAPS ANO ^SA/? eST/?ACT£Oj 7^ \/A^/ABL£. 



.J6 



.26 



.Z4 



.20 



./6 




.52 



.43 



.44 



.40 



.16 



CoNfr/G: SP 



Symbol OCu 
<► o 



T 

O 
A 
O 

6 
6 



Z 
4 
6 
6 
9 
/O 
If 
IZ 
13 
/4 



.2.3 



.24 



.20 




To 



Z 



.10 



.oa 



.06 



.04 ^ 




.02 



./a 



./4 



JO 
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F" tGU/S£ f9erCHARACT£J?/STICS /N PITCH or THE T£ST MODEL WITH CLEVA 

D£FL£CTED. rLAPS AND G£A/^ J^£T/?ACT£D, VAR/ABL£. 




,2 Z 





So 

I 



I 



I 



I 



N A n A L A ov I Rr 
COMMITTEE FOK AE^OMAUllCS 




+ /S 
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~04 



'.Ob 




I 



0 

I 



I 



OS 

no 

I 



I 



7Z 



■.C4 



-.06 



■ 0& 



■JO 



CONFIG ■ 5P = /O 




r/4 
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C//A/?ACTr/e/sr/cs /v p/tch or r£r.sr mod£-l with elevator 

DEFLECTED -h /0\ F'JiAPS AND G£AR J^i^T^ACTED, 



VAR/ASi.£. 




-.2 



.2 



S 



.8 




-4- 



H AT ION AL 
II TT E£ FOR 



J6 




NATIONAL AOvlsOHT 
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^ Run 3a a p.. 



Run SHh 



^ s /3.e 




ti 




^/GU/?£Zi£:C^A/^ACTS/?/5r/C5 /N P/TCH or THE TEST MOPEL W/TH eL£\/ATO^ 
DCrtECTED -S*". FLAPS Sa"^ GEAR CXTENDEP^ VAR/ASLC 



• I 
O 

{5 




pi 



n1 



.37 if J? 

7 ^ 




J?tJN 37 kR 



h O N). ^ <S» M t>> U^ ^ ?^ 




Symbol 






-A 


a 


-z 




o 


▼ 


z- 


o 


4 




e 


□ 


7 


o 


6 


V 


9 


6 


/O 


/L 


II 




IZ 




FfGUKC 27BrCNARACTE.IZISTtC5 IN P/TCM or T^E T£:5T MODEL WITH ELEVATO/? 
UNDEFLECreO. FLAPS S0' GEAI? EXTENDED, 7^ VARIABLE 




0£:ru£cr£D S^, rLAfi>s 3e\ Gear extcnoed, m/^/able. 




r/GUJS£ 26A-CHA^ACr£:/^/srjcs /v >c?/rr// or the T£:sr model yv/T^ Slev^atoj? 
a€fL.£crcD s5*! rLAf>s 3e\ Gear extsndcd^ /a/^/a^ls. 










-4 




-z 


o 


o 




z- 


o 


4 




6 


□ 


7 


o 


a 




9 


6 


/O 




II 


a' 


/2 




FfGUKC 27B.-C^A/?ACT£.IZIST/CS IN PITCH OF THE TfTST MOO£L tfV/TH ELEVATOR 
UNDEFLECTSO. FLAPS 33' GEAR EXTENDED, 7^ VARIABLE 




PZ 
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F/GU/SE ZeBrCHAf?ACT£:/?/2T/CS /N PITCH OF" THE T£5T MODEL ^/TH SLEV'ATOR 
DEFLECTED S% f-LAPS J<S' GEA/^ EI/TENOED^ 7^ ]/A/?/AeLE. 




^/^OSS ¥\f£fGH T £6^ SOQ L3S. ;co«m i tt e e f o h * ero «• «u n c s . 




NATIONAL AOVI SORY 
COMMITTEE FOR AERONAUTI 



r/GO/S£ 3f- C//AeACr£:R/ST/CS P/TCH Or TAV£ TEST MODEL WITH 

£L£VATO^ D£rLECT£D. FLAPS 33^^ G£AR £XT£ND£D, TAKC-OFF PO\/^£IZ 
GJSOSS WEIGHT 26500 L3S. 



I 




I 




F/Guec 32..' CHAfeACT£Je/ST/C5 IN PJTCH 0/=- T^4C T^'^T MOD£L rof? TWO 

FLAPS AND G£A/? /^£:Tf^ACT £0 . 



VALU£3 OF TA/L INC/D£NCE , 
PiSOPELLCJ^S WINPMI LLING. 



NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 



I 




F/GU/Z£ 33- CHAfZACTERlsriCS IN PITCH Or THE T£:ST MODEll^ rOR TWO 

VALUES or TA/L fNC/DENCE, rLAPS AND GEAR DETRACTED, 
/^ATED POWE/e, GISQSS l/^E/(SHT ZG^SOO LSS. 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 




.1 



i!. 




IVJ 



-1^ 



0^ 



Ob 




i/ALUE2 or TA/L /NC/DE/VCE , FLAPS 



MOD£L FO/^ T-//0 
G£AR £XT£ND£D. 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 



I 




F/GU/Z£ 35".- ChlARACTE/?/ST/C5 IN PITCH Or THE TEST MODEL FO/? Tl^Q 

VALUES or TAIL. INCIDENCE. rLAPS 33^, GEA/Z EXTENDED, 

TAKE' or r Pov^ER ^ Geoss weignt z^.sao lbs.. 

, NAT I ONA L AOVI SORY 

COMMITTEE FOR AERONAUTICS 




N AT I ON AL AOV I SORY 
COMMITTeE FOR AERONAUTICS 

./5 ZQ 25 




4- =':^o' 



rtGU^E 3G- VA^IAT/ON or YARNING MOMCNT AND RUDO£R NlNGC- M0MENT5 W/TN ANGLE" 
OF YA\N FOR THE TSrST MODEL. rLAPS AND GEAIZ RET/SACTED , 
P ROF>EL L ERS WtNDMI L L tNG . 




riGUf?£ 38- VARiATIOf^ or YAW/f^G MOMENT AND RUDDE/? HJNGE-MOMBNTS WITH ANGLE. 
OF YAW FOfZ the: TEST MODEL . fLAPS ANO G£AJS K£T^ACT£D, 
f^ATED PO\^£R J G/eoSS tV£/<S//r Z4»,500 LB5. 




;i" -20 -/S -/O -SO S /O /5 20 25 

riGUf^fT 2?.- VA/e/AT/OfV or C^. C,^ AND C/ V/iTH' AhfGLE /Al/^ rOR 

the: TTjr MODEL, ruAPs ^ANc GCA/^ /esreACTEO^ 



MAT lOM AL AOVI SORY ^ 
COUWITTEE FOR AERONAUTICS 




/^/GHT- HAND RUDDER SYMBOLS '/Z SOLID 



.4 







€^=-50' 


< 


50O 


-25 






-20 


6 


4a Q 


-/S 


d' 


47a 


'JO ■ 


6 


46 a 


' o 


□ 


5za 


/o 


0 




/s 


V 


S4q 


zo 


< 


SSQ 


Z5 


> 


5i>Q 


50 




ZZb 


'TAIL OrF. 




'25 



-2C 



-/5 



-/O 



/o 



/s 



. 20 



2S 



NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 



F/GURE^-O-VARIAT/O/^/ or VAW/NG MOMENT AND RUDDER N/NGE- MOMENTS W/T'H 

ANGLE or yA)N rof^ T^e test model. rLAPS ja\ gear jEXTEnocd , 

PROPELLERS \N/N DM I L LtNG . 




-2 




-25- 



-/o 



/O 



/5 



ZO 



VAe/AT/Of^ or C^.C^,Cy At^D C/ WITH ANGL£ OF VAW rOR 
TH£ T£rsT M0D£:L. flaps Je", GEAl? Ey TENDS D, 
P/eOP£LL£/?S W//s/OMiLLlNG. 



NATIONAL ADVISORY 
COMMITTEE fOH AERONAUTICS 




GP 

O /3 =30" 



0C^~-f-6 (^^Z9.Z N=9&oo 



fefGyr-HAND j^udde:r symbols */k solid 



-.4 





Ru/^ S/b 






<r 


n 


50b- 


It 






It 


49 b 


It 






n 


43b 


II 


-fS" 




I > 


47 b 


II 


-lO" 


0 


n ' 


46 b 




o 


□ 


ti ' 


SZb 


/I 


/o" 


0 


ti 


55 b 


i> 


/5' 


V 


II 


S4b 


// 


ZO' 


< 


tt 


55b 


11 


. Z5' 


> 


II 


S6b 


<i 


30' 


+ 


. tt 


ZZC 


TAIL orp 




-Z5 



-ZO 



-fO 



'5 



/o 



/5 



ZO 



Z5 



NAT ION AL AOVI SORY 
COMMITTEE FOR AERONAUTICS 



r/GURE 4s.r VajziatioN or yawing moment and rudder ninge-moments with 

ANGLE OF y'AV^ EOR ThlE TEST MODEL i ELAPS 33°, GEA/S EXTENDED, 
SO To ^ATED POV\/ER^ GIS055 WEIGHT Ze.SOO LBS. 



2.0 




\.03 




"25 -20 'JS -/O -S O S /O /S 20 

■ 

FiGU/?£ 43,- VA/etATfOf^ or C^^ , Cy ANO C/ IA//TH AhJGLE or YAW ro^ 

THE TE5T MODEl^. rLAP5 SS' G£Ai? EXTEf^DED , 

SOX /?AT£0 /^OUVEJ^ , G/?05S i/^EtGHT 2^,SOO LBS . 



NATIONAL ADVI SORT 
COMMITTEE FOR AERONAUTICS 




^ /S.3 N= 9&00 



J?/6Hr~/^AND JSUDD£I? SV/^BOL^ /z SOLID 



.04 







s/c 




= -30 


<r 


1/ 


sec 


n 


-25 




It 




fi 


-zo 


6 


tt 




M 


-/s 




It 


47C 


II 


-/o 


0 


u 




If 




n 


n 


szc 


II 


/o 


0 


II 


S5 C 


II 


/5 


V 


If 


■54-C 


It 


,20 


< 


II 


55c. 


II 


zs 


> 


li 


56>C 


l# 


30 




It 




TA/L OFf= 




NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 



F'/GUJ^£ \/A/S/AT/0/V Or YAWING MOMENT AND RUDDER H/NGE-MOMENTS W/TN 

ANGLE or yA\N FOR THE TEST MODEL. FLAPS 33^ GEAR EXTENDED, 
TAKE" Orr POWER ^ GROSS WE/ GUT ^€,SOO JLBS, 





2S -^O -/S -/O -S O S /O /S 20 2S 



TN£ rSJT MODEL, rLAP5 SS", G£A/Z £XT£:NDED, 

TAKE- or r POI^Eff, G^OSS WEfGHT 2e,SOO LB5. 3,,, 

COMMITTEE FOR AERONAUTICS 




^ 47d -/O 
o 4-6d O 




-ZS -20 '/5 -/O -S O J" /O /S 20 25 



F/GU/?£ VA^/AT/O^ or rAW/NG MOM£NT Ah/Q f?UDDE/^ H/t^<3£ MOM C NT WtT-N 

angle: of VAW FO/? the test MODCL. flaps Sa"" J GEAR £XTE_ND£Dj 
TAKE-OFF POI/\/£^. GfEOSS y\/£/GHT 2/,S8Q LBS, 




'X-u-'S" N=960O 



V 


/PUA/ III 




6 


" no 




cT 






o 




o 


+ 


zo 


TAIL, orf 



/^/GHT- Nand ^uodelj^ Symbols 

'/2 20LIO c» 



NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 



F'jGu/^i: 4-7.-- Va/^/at/on of ^avv/ng moment and /?udd£/^ ^/nge- moments w/rH 

ANGLE OF ro/e THE TE5T MOO£l^, FLAP5 AND GEA^ /SET^ACTEQ^ 

LErT-/^AND MOTOf? WJNOMiLL/NG ^ /e/GHT-NAND MOTOR RAT£:d 

a^o^e:/^ , G/^o5S we/ght zesoo jlbs . 




'25 



-20 



-/5 



-/O -S 



/o 



c 

O 
+ 



79 c/ 
73 a 
77 a 
76 a 
Zl a 



-/o' 

TAIL OFF' 



SOLID 0* 



NATIONAL AOvisonr 
COMMITTEE FOR AERONAUTICS 



F'/GUfeE VAf?IA7-IO^ or rAWtf^G MOMShTT- AND /?UOD£/^ N/f^GZ- MQM£NT^ 

V/IT/V AA/GL£ OF fAiV rO/^ THE /^00£L. FLAP 3 D£FL£:CT£LO Z-^) 

GEAI? EXTENDED , LEFT-HAND MOTOR IVI/VOM/LLIA/G , IS16HT-HAND 
MOTOR TAKE-OFF fi'OiA/E/^ G^OSS iVE/GHT 26,,S'00 LB^. 



0C^,^6' <^^/S.7 N^9eoo 



< 


/?UAy Sob 






•• 79b 






" 78 b 






77b 




o 


" 76 b 


0 


+ 




TAIL OFP 



r2 



RIGHT- HAND /Z UDDER SYMBOLS 
^ ^OL/D O- 




25 -20 -fS '/O 'S O ■ S /O 20 



NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

f/GU/eC ^f.r- VaJS/ AT/ON OF YAWING MOMENT AND ^UDPEIZ NINGE:- MOMENTS 

WITH ANGLE OF YAW FOR THE TEST MODEL, fl'LAPS ^£:^LECTED 24"- 
GEAf? E)(T£ND£0^ LETT- N AND MOTOI? W/NDMILLlNGj /ZIGHT-HAND 
MOTO^ TAKE-OFF f=>OWER , GROSS iA^ EIGHT ^1^330 LBS- 




g=60 



SYMBOL 


Run 


do 


O 


//Z 




A 


//3 


■xS.J" 


a 


J/4 


~JJ.5' 


o 


//5 


-/es" 


V 


1/6 


-aw 


cC 


1/7 


-26.2" 


A. 


J/8 


+3.3* 


a 


J/9 


tjj.r 



-02 



t 



1,4 



/.O 
Q 




O Z 

%n O 



< »- 
z — 
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k 

% 



<0 
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1!! 



V) 

i 
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f 



^ lie 



% 



I 



.04 




H AT ION AL ADV I SORY 
C3MMITTEt FOi? AtRONAiiTlCS 



F/6U/?£: 5/.- 



C///l^ACT€/?/5T/C5 //V r/llA/ rO/? 7-//^ T£ST MOO£:L i^/TN T^£ 
/L£/=T-^/AA'0 /i/L/E/eo/V £>£:/^/. jECTED. JALAPS AA/D G£A/? /^rr/^ACTEO 
^eOf=>E:L L £/?S /REMOVED . 



/.6 




A ^- 5.4-' 65 



O " 57 




NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS. 

FfGURE 5'3r Ci^Af?ACTE/?/ST/CS //^ yA\/^ /^O/e T^E T£5T MODEL l^/T^ THE 

LETT- HA/^D A/LE^ON DEr/TLECTEO. /^EA/=>SSS", GEA/? ETXTEA/DE/:^, 
F' /SO PELLETS EMOTED . 



